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nFVICE AND METHOD FOR COATING AND/OR SURFACE 
MOD.p'IcI'oNrFOB.ECTS^JNAV^^^ 

The inven.,o„ concerns a'device and a method for coatn,g and/or surface 
n,od,f,ca,ion of objects in a vacuum using a plasma, ,n which there is the poss.b.hty 
of coating or modifying vanform objects on all stdes without a large expenditure for 
plant and process engtneering being required. Bestdes coating or modtftcatton, ,1 ,s 
also easily possible to conduct cleaning, etchtng and/or acttvat.on to unprove, for 
exanrple, the adhesion of coatings that may be subsequently applied. 

Besides the modification of regions of objects that are close to the surface it 
is also possible by means of the invention to apply particularly microscopically 
dense metal coatings or compound layers that have low roughness. 

The deposition of coatings on objects using a planar direct current magnetron 
,s known from G. K.enel, Vacuum Coating [in Gennan], Volume 2, VDl Verlag 
IS GmbH, Diisseldorf, 1993, pp. 160-161. 

„ , , ,,„„,.„„ Pnahles the coating of objects that is to be carried 

:)UCii a suiuiiv,^!', ^ ■ — ' 

out spatially m three dimensions only if the objects are moved at the same time, 
which can be realized only with great difficulty and at great costs, if at all, especially 
in the vacuum chambers that are required for this. If such objects have undercut 
20 areas, these normally cannot be coated. 

In addition, harmful effects from residual gases have to be avoided by 
producing a high vacuum, which either greatly increases the time needed to produce 
the vacuum, or requires costly vacuum locks or costly high vacuum pumps. 

Another disadvantage is that larger surfaces are parasitically coated, which 
.5 leads to high losses of the coating material, which lias an adverse effect in particular 
for expensive coating materials such as noble metals. In addition, costs for cleaning 
arc higher because of the parasitic coatings in the chamber and the elements found 
there. 

The amount of coating material that can be applied to the corresponding 
30 objects is correspondingly limited, so that a relatively frequent interruption of the 
coating process is necessary for the necessary changeover of the target. 



Thus, ,t ,s a task of the invention to propose a device and a corresponding 
method with which surface modification and/or coating of objects of quite various 
designs on all sides and optionally even on undercut surface regions can be achieved 
^■h at low cost for plant engineering process engineering and other expenses. 

V^r ir: T^^Sc55^aMc^l^affi W ^he cHaracterlstics of 

Claim 1 for the device and the ch\ac^istics of Claim 11 for the method. 
Advantageous embodiments and further Mclopments of the invention result from 
the use of the characteristics indicated in th\subordinate claims. 
^ The' device in accordance " with the invention can correspondingly be 
10 modified for the coating, already mentioned at the start in the description, of objects 
with metals, metal alloys or various metal compounds like metal mtrides or metal 
oxides or alternatively and cumulatively for this on the surfaces, so that, for 
example, the adhesion properties of coatmgs that are to be applied later can be 
'^^1--^ improved. Here a box structure, which can have, for example, the form of a 
■ 15" rectangle, cube or cylinder of an electrically conductive material is used. The box 
^"^J. structure can, by itself represent a vacuum chamber, which is used by connecting 

the appropriate pumps and valves m combination, with the technical elements to be 
used subsequently. However, there is also the possibility of inserting such a box 
structure into a traditional vacuum chamber and operating there in accordance with 

20 the invention. 

The objects that are to be coated or modified are inserted into the box 

structure, namely so that direct contact between the objects and the inner wall is 

' Voided and, apart from that, an electrical insulation is used as support for the 

objects The objects can be inserted into the box structure preferably via various 
7S openmes, so that the objects are surrounded on all sides. The box structure can, 
however, also consist of two parts, with one part forming a cover that can be 
positioned on the lower part. 

At least the inner wall should consist of a material that is suitable for the 
coating. Of course, it is also possible for the entire box structure to be fomned from a 
30 material suitable for the coating or for flat targets of a coating material to be 
arranged on the inner walls of the box structure. 



' ■ ,„ add„ion, openings for feed and w.thdrawal of the working gas as well as 
a, leas, one opening through which ,he energy ,o produce a glow d.scharge can be 
introduced into the box structure are necessary. 

For .he modificatton or coating the box structure is charged to an electrrcally 
5 negative potential with respect to the plasnra generated with the glow dtseharge. 

The plasma generation that is brought about by a glow d.scharge can take 
place ,n various ways. For thts there ,s on the one hand the possibility of insentng an 
electrode through an open.ng into the in.er.or of the box structure and supply.ng 
d,rec. or alte^attng current to the electrode. If dtrect cu.en. is supplied, the 
,0 electrode ,s co,rnected as the anode. The correspond.ngly supplied altcmat.ng 
curren. can be low frequency, medium frequency or h.gh frequency. 

Another possibility for generating the plasma .s to direct m.crowaves 
through an opening tn.o the in.enor of .he box stnte.ure and thus to generate .he 
plasma. 

S.nce the box s.ructure has a negative electncal potential compared to the 
plasma, material can be str.pped at the inner surface through the appea,^a„ce of h.gh 
energy positive ions from the plasma (cathode sputtering), and th.s mater.al ,s .hen 
depost.ed on the objects. However, a suff.e.ent d.fference of po.ential must be 
establtshed for thts. If an appropnate potential difference has no. been reached, no or 
20 nearly no materral w.ll be stnpped away and there w.ll only be a modification ,n .he 
subsurface reg.on of .he objects held in the box structure. The objects can eonstst of 
quite various materials such as metal, piastre or ceram.c. 

By simply increas.ng the difference of po.ent.als between the box s.ructure 
and the plasma it ,s poss.ble to .n.tiate coat.ng of .he objec.s, .n add,..on to 
25 mod.f,ca.,on. Through the appropnate stnpptng of matenal at all tnner walls of the 
box structure eoa.tng of any .hree dimensionally shaped objec. on all s.dcs .s 
possible without addttional manipulation of the objects and it is also poss.ble to coa, 
„,rdercu, reg.ons, w,.h increased work.ng pressure, wh.ch leads .o d,spe,.ed 
d,str,bution of the stnpped matenal components, having a favorable e.tect. Th.., 
30 unifomr and neariy simultaneous modification and/or coat.ng of objec.s can be 
achieved. 



The coatmg material that is not directly deposhed on the surface of the object 
IS essentially redeposited on the mner surface of the box structure and thus is not lost 
to the coatmg process. Since dispersed coatings are deposited only on relatively 
small internal fittmgs in the box structure such as, for example, the support on which 
5 the objects are held, the cleanmg cost is reduced considerably compared to the 

traditional solutions. 

The adsorbate layers that, as is well known, form m such processes and have 
an adverse effect on the quality of the layer and layer adhesion in vacuum coating 
processes through their dcsorption during coatmg can be counteracted very 
10 effectively through ion bombardment removal. For this the interior of the box 
structure can be cleaned relatively shortly before the actual coatmg with a low 
plasma power, low negative potential on the box structure and/or by providing an 
elevated operating pressure, so that no additional technical requirements have to be 
met to remove the adsorbate layers and the adsorbate after being separated can easily 
1 5 be drawn out with the operating gas. 

With the device in accordance with the invention there is also the possibility 
of already removmg a large proportion of the adsorbate layers before imtiating the 
glow discharge and plasma generation with the introduction and evacuation of a 
clean dry operating gas durmg the evacuation phase. Relatively little operatmg gas is 
20 needed for this, since the box structure and its inner surface can be relatively small 
compared to the inner surface of the traditional vacuum coatmg chambers, for equal 
volumes of objects that are to be coated. 

Through the ion bombardment the mner surface of the box structure can be 
heated m a simple manner and way and without additional technical cost, so that the 
25 desorption of the adsorbate layers can be considerably accelerated. 

If the box structure is used in a larger vacuum chamber and accordingly does 
not Itself act as a vacuum chamber, there still remains the effect that the gas flow in 
the box structure cannot force any desorbable gases from the walls of the larger 
vacuum chamber into the box structure due to the relatively small free cross section 
30 of its openings. 



Since the cleaning of adsorbate layers by ion bombardment and gas flow in 
the interior spaee of the box structure ,s very effective, and the necessary operating 
pressure during the actual coa.tng hes in the range of a coarse/fine vacuum, a h.gh 
vacuum pump with the correspondingly high cost is not necessary. 
5 Compared to the known solution of coatmg with magnetron sources, the 

solution in accordance with the invention offers another advantage, whtch is that 
considerably more coating material ,s available than is the case with the targets that 
are used in the known solutton. Stnce the entire inner surface of the box shaped 
material conststs of coating material, or appropriately dimensioned flat targets of 
,0 such a eoatmg material are arranged there, the stock of coattng material ts 
considerably larger and the process has to be interrupted correspondingly less often 
for recharging with coating material. In addition, the plasma parameters do not 
unduly change even when severe stripping of coating material has occurred. In 
addition, there is no limitation due to thermal resistance caused by a great target 
1 thickness. 

The box stnieture can, m combination with the pressure of the operating gas, 
be dimensioned so that the discharge produced as a consequence of the imroduced 
energy has the character of a hollow cathode glow discharge, so that a particularly 
high plasma density and accordingly a high coating rate can be achieved without 

20 expensive permanent magnets being necessary, as is the case with magnetrons. Here 
the condition pressure-tube ittside diameter ^ 133.3 Pa-em with a tolerance range of 
a maximum of 13.33-133.3 Pa-cm that was menttoned by M. v. Ardenne ,n Effects 
of Physics [in German], Veilag Harry Deutsch, Thun. Frankfurt/Mam, 1990. can be 
correspondingly taken into consideration for the development of a hollow cathode 

25 discharge when the relevam clear width of the box structure is used for Ihe tube 
inside diameter. 

Since in accordance with the invention modification and coating can be 
carried out at relatively low temperatures, there is also the possibility, and this has a 
very favorable effect, that the box structure can be provided with cooling, preferably 
30 water cooling. 



As already need, ,he difference of potentials between the generated plasnta 
and tl,eb„xs.r.ct„re can be spectftcally affected a,,d eat, .eestab,,..ea,nt,tc™^^^^ 

„od,f,catio„ and the htgher voltage values are necessary for apply-ng a coat.ng. 

The pressure ,n the box structure can be specftcaUy es.abhshed .n the range 

between 10"^ to 10 mbar. 

The opentng for withdrawal of the operattng gas has a stzc between a 
up to about ,00 cnt^ and tt ,s a good ,dea to dnrrension the other opentngs tn the 
box structure so thattheirsutrtts less than thestzeofthewtthdrawalopentng 

^axinrunr of .0 t.ntes as large as the objects. The objects that are to e ntod. » 
Theob,ects.n.heboxs.ructure Should beelectr.cany,sola.edfron,.he.tr„ctt.,^o^ 

5 exantple on one or tnore supports, and should have a d.stance of at leas. 0,1 to a 
maxtmum of 10 cm frotn the tnner wall ofthe box structure. 

Vartous nreta.s can be used, for example, alum.num, t.tantum, or alloys of 
.,ese. However, „ ,s also possible to use ..e.al compoutrds such as t.tantum n.tr.de 

or mdium-tin oxide. 

The operattng gas, especally for flushtng and cleaning, can be a clean dr 
.rrert gas, for example argon. However, an operating gas m.xture of an tnert gas and 

and nhrogen, so that nitride layers can be deposited on the obtecs 

Tbe gas flow can be adjusted to a mtntmum of 10 cm /m.ntSTP] (cttbtc 
,5 centtmeters per nunute at standard temperature and pressure, and a max.nrum of 

1000 cm^/min[STP]. , 

potential difference between the plasma and the box structure should be set to be 
,„der 200 V and/or the pressure should be tncreased by at least a factor of three^ 
30 With adjustment of th,s R,nd a surface modtftcatton. as already noted ,n general, 
be carried out. 
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hard materials are possibilities as P 

•■"-r:::;::::~^^^ 

:::::;::::,...;-.---»»--"™ 
--'■t^r:::::::^^ 

— •:'\:!"::,::;;r;:::::::::™....--- 

surrounding vacuum cnauiu.. . - ^ 

Tf a Qufficientlv low pressure (I-IU moarj 

=^=;:::==:=— 

adscrbate layers takes plaee by means of th.s. 

voltage ,s supplied to .he bo. structure. Due to ,h,s, ^ ^^^^^ 

11 -.f tVip fl'it structure and the objecis in ui<- 
is strrpped from the rnner wall of the s.nt ^ ^^^^ 

„dm.y coated. 1. .s. .he 

rrrri:::::^^^^^^^^^^^^ 

desired layer structure. 



glow discharge can be swUched of. *e supply of op.ra.,„g gas ,„ 
panl d. Jeced a„d ..e vac.. c„a..e. o. .e .o. s.... Hooded and 

The following Examples 1 and 2 are intenacQ lo 
3 ..j:::ec.s„Loppe.a„do„.eo*e.coa.g.,...^^^ 

specific detail. 

— ^;„,„..,., .,»-.......-«"•—•;■■:;;;: 

vacuum vessel the vacuum pump is connected. At 

, l cLpared to a .od shaped anode .nsened in.o .he ho. s.^cune 

, rrirlL.: ...ed. Xh. canses .he ,on-snpponed deso..,on o. .he 

— ---™-^7"--:;;;:;:::::r::.o.heope.^^^ 

After sufficient cleaning the pressure is icu 

...... 

"'■r::rrr;:.r::r:-. - 

d.sconnec.ed and .he box s.ruc.ure ,s aera.ed. The vacuum 
are opened and the coated objects are rentoved^ 

?r£.sarep.,t,n.o.heboxs,ruc.ure.Theboxhas.heshapeora 
:l,e,ep.ped, con., o. a,unr,n..nr and '-^^^^J^;:^-^ 

— r:r 

30 connected. 
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- ^wilchcd 0,1 for evacuation of the box. Shortly after 
The vacuum pump is bftitchcfl on loi 

, f„,. nushui, a. about 300 cm'/minlSTP]. Upon reaching a 
that argon .s supplied for nushing 

,e glow discharge isinitiateahyturuingonthemierow^^^^^ 

- oT — : led 'o I J - the 

Cleaning ta.es place, hen . • Irog 

potential of the box structure is set to bUU 

"''"'""^rrntrclatmg the g,o» discharge Is turned off and the operating 
stopped. The pump is ,sola.edh.ava,veaud.he ho. is aerated. Thcho. 

,s opened and the objects are removed. ^^^^ 

The organization of possible examples of a device 
invention IS described m more detail below. 

P^elshowsauexampleofadevicemaccordance with the invention with 
aninserted electrode forplasma generation and ^ ^^^^^^ 

Fipure 2 shows a second example of a device in 

an openmg through w.icb n— es can be directed for plasma 

' """;;re 1 represents a box structure 1 with rectangular cross section, ^n end 
, Led as an opening through which objects 2 are ^ 
_ved. Opemng S eati. as shown, be ^^^^^^ ^y:;:^ ^::^^ 
introduced into the flat structure 1 through opemng 3 and can be 

evening. Between anode 3 and the box stnictureltheieis insulation, 

shown, so that .he potentials are separate from one ano i.^^^^ 
Figure 2 shows a cylindrical box structure 1 , in which agaii 
30 are ajed on a suppon 7 insulated from the box structure 1. The upper face 
again formed as a cover 8, which can be removed and reattached. 
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T.e. Is an open.n. 0 .„ cover 8, ..ro„g. wMc. ...crowaves can be d.rec.ed 

»»— ^^^^^ 

support, from the box structure I. 



